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The purpose of this study was to detennine the effects of certain 
drying variables on some physical strength properties when these 
variables were controlled to bring about overdrying conditions. The 
variables under study were length of time and degree of temperature in 
relation to amount of drying produced. The results were then related 
to dimensional stability, tensile, stretch and mullen in an attempt to 
establish a relationship of overdrying to these physical characteristics. 
The dimensional stability was run on the Neenah Multiple Specimen 
Expansimeter with tensile, stretch and mullen all run according to 
respective Tappi Standards. 
From the study it was discovered that overdrying actually produces 
a more dimensionally stable sheet, but at the same time causes decreases 
in the other studied properties. 
Mullen readings were down two points in the low temperature group 
which cooresponds to a decrease of 16 percent while the high temperature 
group recorded a 3 1/2 point drop or 28 per cent decrease from control 
readings. 
Stretch decreased from a 2.5 percent control value to 1.1 percent 
in the low temperature group and 1.0 percent in the high temperature range. 
Tensile was reduced from a 5.4 control value an average of 1.6 points 
for the low temperature group and 1.7 points for the high temperature. 
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It is a well known fact that cellulose fibers exhibit many 
physical changes during the drying process. The degree and severity 
of drying can influence the amount of effect the individual physical 
changes of fibers can have on the entire sheet structure. Drying is 
dependent upon the length of time and degree of temperature to which 
the fibers are subjected. 
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In commercial practice on many paper machines equipped with size 
presses, it is not uncommon to overdry the sheet to some degree before 
the sheet enters the size press. Operators may do this knowningly 
because it helps in building a better reel by minimizing problems with 
moisture profile� or it may happen unknowingly because there is no 
moisture sensing equipment before the size press and it is easier to 
play it safe and avoid the risk of running wet. In either case, over­
drying is generally regarded by technical people as a poor practice be­
cause of adverse effects on strength properties. However, it is not 
clear that a moderate amount of overdrying has a significant adverse 
effect and it can be postulated that the property of dimensional sta­
bil,ity might actually be improved with little sacrifice in other pro-
iP 
perties. This could result in a net benefit for grades such as those 
used in multi-color offset press work where dimensional stability is 
important to register. 
It was the purpose of this thesi·s to review drying theory,. review 
literature reports on the effects of variables upon which degree of 
of drying are dependent, and to experimentally analyze some selected 





During the drying of a sheet of paper certain intricate pro­
cesses occur that cause the moisture in the sheet to move from the 
interior of the sheet to the surface where it is vaporized. Therefore, 
a basic understanding of these processes will help apply the drying 
theory to the problem of overdrying the sheet. 
A discussion of the drying theory must inevitably be with the 
presentation of a typical drying curve. Such a curve is shown in 
Figure l. Although a drying curve like this has been accepted for many 
years, not all aspects of it are completely understand. 
During the drying of a virgin sheet of paper, there is a normal 
sequence of events which occurs. Figure l profiles four definite 
stages in this sequence. In the first stage, from A to B, the paper 
surface is covered with water and the rate of evaporation is constant. 
From B to C the evaporation drops at a rate determined by the various 
factors controlling the flow of water to the surface. At C there is a 
transition point indicating that absorbed and capillary water begins to 
evaporate. Since this 1vater has a lower vapor pressure, the rate of 
evaporation will drop further. At D, only bound or hydrated water re­
mains, and this water is even more difficult to remove (l), 
The hydrated water is bound to the cellulose and the hemicellulose 
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water may amount to nearly one percent, and of course, should never 
be removed during the paper drying. Subsequent layers of water 
molecules make up the absorbed water which is characterized by a 
hi�her density, a lower vapor pressure, and a higher specific heat 
than free water. Water in small capillaries will also have a lower 
vapor pressure. As indicated in Figure 2, the degree of orientation 
of the water molecules drops from layer to layer until, at about 17 
per cent moisture content, a density of 1.0 is reached (�), (1), (_�_). 
Some knowledge of this absorbed water is useful, since part of the 
absorbed water must be removed during the drying process. 
It appears that the amount of absorbed water varies with hemi­
cellulose content and degree of beating. Hemicellulose contains a 
larger percentage of hydroxyl groups than does cellulose and therefore 
absorbs more water. Because of this fact, groundwood pulp holds more 
absorbed water than a chemical pulp. This can be illustrated by the 
higher moisture content of pulp at a given air humidity (adsorption) 
as demonstrated in the following data(_§__). 
A. Groundwood pulp 10% at 65% R.H. 
B. Sulphite pulp 8.8% at 65% R.H. 
(unbleached) 
C. Sulphite pulp 8.4% at 65% R.H. 
(bleached)
Beating disintegrates part of the primary wall and the outer 
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wall. A saturated fiber wall will hold about 30 per cent water. 
Water is also absorbed by the fines produced during grinding and 
beating. 
To remove absorbed water from a sheet of paper, the heat of de­
sorption has to be added to the heat of evaporation of free water. 
Figure 3 shows how this will affect the amount of heat needed to 
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dry paper of 45 and 50 per cent dryness to various final dryness levels. 
This figure also indicates 17 per cent absorbed water (l), 
When a sheet of paper has been saturated with absorbed water, 
capillaries and lumina then begin to fill. At the saturation point, 
a pulp suspension contains two milliliters of water per gram of fiber, 
or about as much water as a piece of wood holds (�). 
This raises a question concerning the void fraction in paper. 
Figure 4 shows the pore size distribution in air-dried and freeze-dried 
handsheets of sulphite pulp. In both cases, maximum pore volume occurred 
at one to two microns pore radius. Freeze-drying made the sheet bulkier 
but did not materially alter its pore size distribution. This is under­
standable if one assumes that paper is composed of a number of fibrous 
netowrks. Wet pressing had little effect on the void fraction, indi­
cating that the pressing process did not cause bonding. The void 
fraction of air-dried sheets was found to be about 20 per cent, although 
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During drying, the free 1-,ater in the lumina and other voids of 
the paper is evaporated, (Stage B-C, Figure l). This leads to the 
partial collapse of the voids and to the bonding of the internal sur­
face, a reaction �vhich is not easily reversed. Further evaporation 
of absorbed water causes the fines and fibrils to adhere to the fiber 
surfaces. Finally, the water in the fiber walls is desorbed followed 
by a shrinkage of these walls (l), 
During the first stages of drying, the fibers are free to slide 
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on each other, there is no bonding yet, and thus, there can be no 
tension in the sheet. As the free water is driven off, the stage where 
the hydrated water starts to evaporate begins. At this point, bonding 
between fibers starts to take place, and from this point the greater 
part of shrinkage takes place. During this bonding period, any un­
equal tension which is set up in the sheet will result in curl and 
cockle at the reel. At this point there are two opposing factors which 
are fighting against each other. On the. one hand, the fibers are trying 
to shrink as they lose moisture and this shrinkage tends to produce a 
definite tension in the sheet. On the other hand, the hydrated cellu­
lose is trying to set, thus bonding those fibers so they cannot shrink, 
and this tends to add more tension to the sheet. Naturally, high 
temperatures and rapid drying at this critical point only tends to 
aggrevate the condition. Any fiber whether it is leather, wood, wool, 
or paper is injured by excessive temperature and the result is an 
excessive shrinkage, warping, and hardening of the fibers. Lumber 
which has been allowed to slowly air dry in the shade, is far superior 
to the commercial lumber which is dried at higher temperatures. Yet 
most paper machines today apply full steam temperatures to the dry end 
thus causing excessive shrinkage, cockling, and at the same time 
injuring the bonds which tends to reduce the strength (_z_). 
If the fact has been established that low temperatures will not 
hann any of the papermaking fibers and that high temperatures will 
injure them, then why is it that papennakers use the high temperatures? 
Papermakers, and even nature, have conspired to change matters so that 
the higher temperatures are actually necessary. Although the nigh 
temperatures are detrimental to the actual strength of the fibers, 
enough strength is gained from other things to more than offset the loss 
of fiber strength. For examples, the great majority of papers contain 
rosin or resinous material. Either the papennaker adds it, or as in the 
case of groundwood and most pulps, nature has already added it. 
It has been ·xperimentallY found that when resinous material is 
present with the papennaking fibers, it is necessary to heat the paper 
in the process of drying, to such a temperature that will flux or 
sinter the resinous material. This material then flows and binds the 
fibers into a compact mass giving the resulting paper greater strength 
than it would have if this temperatur� were not applied. Further, this 
sintering of the resinous material will impart what is known as sizing 
to the paper(§). 
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Profile and Density Variations 
When drying paper, a variation in moisture content of paper 
across the width of the machine and several related problems may 
arise. 
Research has been directed primarily toward seeking the cause 
of moisture profile variation and the means to eliminate it, but 
little has been done to find out why it is a problem. To be sure, 
newsprint manufacturers can see a direct major profit improvement in 
raising the average moisture level of the shipped papers, and others 
believe minor gains in operating efficiency will be obtained. Many 
mill officials have taken the view that if the small moisture peak on 
the reel moisture profile could be eliminated, their worries would be 
over. There is substantial reason to believe this viewpoint is in 
most cases erroneous. While the effects on quality are rarely docu-
mented (no one wants to demonstrate quality deficiency), sufficient 
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basic information is available to challenge the concept that unifonn 
moisture profile alone is a valid objective. If this concept were true, 
the simplest solution would be to dry almost all the water out of the sheet 
and then remoisten it uniformly. This is done to some extend on all paper, 
but serious quality problems remain(�). 
The basic lesson in moisture profiles is that variation in moisture 
profile in practice requires gross overdrring of the sheet in part or in 
whole. The question of the definition of the term overdry iITJTiediately 
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arises. The word itself implies drying beyond the required point of 
dryness, but as applied to paper it has further meaning. Jentzen (.lQ_) 
found that mechanical properties of pulp fiber were affected by drying 
under tension and further, that there was no difference in mechanical 
properties between never dried and once dried, rewet fibers. It is 
critical to note that Jentzen dried the fibers slowly in an air 
atmosphere at 73 degrees F and 50 per cent R.H .. Such fiber could not 
be considered overdried, and its condition with respect to mechanical 
properties at least was reversible. On the other hand, other investi­
gators (11-15) have shown that fibers dried beyond a certain point and 
at a elevated temperatures undergo irreversible changes in their pro­
perties. The most notable of these is the shrinkage of the fiber with 
loss in its ability to resorb water. The permanent loss in absorbtivity 
apparently increases with increased drying temperatures. Equally 
important is the permanent major loss in fiber strength which decreases 
greatly and continuously with the period of treatment at high tempera­
ture. One hypothesis explaining the loss in strength is that the cellu­
lose becomes depolymerized and the fiber embrittled. Continuing research 
in fiber structure will undoubtedly reveal more details of these and 
other properties as they are affected by excess heat. The common char­
acteristic of these properties is that they are irreversible. It is 
suggested that when fibers enter the state where their properties are 
irreversibly changed due to heat and dehydration the fiber is overdri ed. 
Overdrying as applied to the web on a paper machine is not 
directionally uniform, nor is it locally uniform. Typical moisture 
profiles clearly demonstrate that the extent or severity of drying 
progressively increases from a peak usually near center toward both 
edges of the web (see Figures 5 and 6). There are several variants 
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of this condition caused primarily by efforts of the operators to 
level the profile. At the risk of wrinkling the web, operators often 
load the wet presses to one side or near the center, to dry up the 
profile peak. They frequently make small adjustments in basis weight 
across the machine. It is almost standard practice to raise the basis 
weight at the edges, which produces the slight rise at the edges in 
typical profiles. These and other stratagems usually succeed in 
making the amount of cross machine variation more tolerable, but they 
also mask the configuration and degree of variation (2_). 
There exists a tendency for the surface fibers on a web to overdry 
more than the interior fibers. Han and Ulman (l§_) showed that steep 
temperature gradients develop at the hot surface in hot surface drying 
of thick fibrous mats. The conditions that exist on a paper machine as 
the paper is overdried are much more extreme than in their tests. The 
actual drying process is several times faster and the amount of over­
drying is greater. The surface temperatures of the driers are raised, 
for reasons of higher production, to a range of about 260-280 degrees F 
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If paper was of homogeneous construction, no variation in loca­
lized drying could be inferred. This factor is not so, because the 
fiber density varies locally in most paper, depending primarily on 
the formation characteristics of the paper machine. When passing 
through the high nip pressures of the wet presses, the more dense 
spots are compacted to a greater degree than the surrounding fibers, 
although a slight increase in wet caliper remains. The idea that 
paper on multicylinder drier sections does not lie in direct contact 
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with cylinder surfaces at all times is generally accepted. There 
usually exists a very small air gap between the paper and cylinder 
surface. At the dense spots in the paper, the increased caliper greatly 
reduces or completely bridges the air gap, which results in a higher 
degree of heat transfer at those points. Upon the excess drying of 
the web, both the surface and interior fibers of these spots are over­
dried to a higher degree because of the more intimate contact to the 
hot surfaces and because of the higher rate of heat transfer created 
within the more dense material. Because of these facts it can be stated 
that overdrying accentuates the variations resulting from poor fonnation. 
Not much work has been reported in the way of relating moisture pro­
file and the resultant overdrying with specific quality deficiencies. 
It would seem that the mechanical properties would be the most 
affected. Zero span tensile strength reflecting fiber strength most 
directly, is seriously affected. The 4 in. tensile span strength, as 
reported by Britt and Yiannos (J.2) is also affected, although not 
greatly. It would then seem that the damage of overdrying would 
be restricted to the fiber itself instead of the interfiber bonds. 
The embrittlement of the fiber, caused by overdrying, also causes 
-17-
loss in web stretchability. Such occurences as cracking upon folding 
could probably be traced to the embrittlement of the fiber, along with 
the adverse affects to other mechanical properties such as resiliency. 
Dimensionally stable paper is essential in many processes and most 
especially printing. Uniformly overdried and reconditioned paper might 
behave well, but because of moisture profile variation, some elements 
of the width of the reel are greatly overdried in comparison to others. 
An extreme variation in degree of overdrying can also exist across the 
width of rolls trimmed and rewound for shipping. The dormant strains 
are released upon exposure to press room humidity and cause havoc on 
the press. Wrinkling, misregister, and even poor tracking of the web 
are typical for such rolls. Depending on how long the roll is stored 
and on the atmospheric conditions of storage, the characteristics of the 
roll may be changed during the press run. In the case of multi-color web 
offset presses, the web is even more difficult to handle because of 
moistening at each printing. Curl is another dimensional difficulty that 
is likely to be affected by overdrying. Moist paper has less tendency 
to curl than dry paper. The further paper is dried, the more likely 
that inherent strain will be build in. Overdried paper may be reconditioned 
to lay flat at higher moisture content only to develop curl at a 
later date. Cockling, which results from the building of localized 
strains by overdrying,may also show up when the overdried paper would 
be remoistened (1), 
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EXPERIMENTAL DESIGN 
To evaluate some of the effects that overdrying has on some of 
the physical properties of paper related to printing press operation 
the following experiment was conducted. 
The relationship between some strength properties of paper and 
the dimensional stability of the paper being exposed to different 
drying conditions was studied. 
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A pulp blend of 50 per cent Weyerhaeuser hardwood and 50 per cent 
Rayonier softwood using Culligan soft water and refined in the Jones 
beater at 36 amps to a Canadian Standard Freeness of 500 was used. 
The pH reading was 7. This furnish was selected to eliminate irregu­
larity or abnormality related to just one type of fiber. 
Handsheets were formed on the Noble and Wood Sheet Machine and 
conditioned for at least 24 hours in the laboratory constant humidity 
room at a temperature of 73° F and 50 per cent relative humidity. 
To simulate the passage of the sheet through a dryer section, the 
sheets were subjected to a range of overdrying conditions. With tempera­
tures being held constant on a hot plate with Low = 190: 5° F and 
High= 240 � 5° F, the sheets were exposed to different drying times ranging 
from 30 seconds per side to 5 minutes per side, at 30 second intervals. 
Constant pressure was applied at all times through the use of the hot 
plate screen. 
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The sheets were then conditioned in the constant humidity room 
to allow them to reach an equilibrium. After equilibrium was attained 
a series of tests were conducted on the Neenah Expansimeter, Instron 
and Mullen Testers. 
Dimensional stability results are listed in Tables I-X. Mullen 
readings are found in Table XI, stretch values are listed in Table XII 
with tensile results in Table XIII. 
Mullen tests were run according to Tappi Standard T403, tensile 
tests according to T404 and stretch according to T457. Neenah Expan­
simeter tests were performed as instructed in Appendix l. 
DATA DISCUSSION 
An examination of the C values, which are the observed change 
in length of the specimen in going from higher humidity to the lower 
humidity conditions, in Tables V to VII, reveals that the sheets 
exposed to the higher drying time with the more severe drying condi­
tions actually become more stable than the control group. This same 
trend was noticed in the calculated values of Hygroexpansitivity in 
Tables VIII-X. In these areas the amount of capillary water being 
driven off is related to the amount of heat being supplied and the 
degree of shrinkage of the fiber taking place. This shrinkage, in 
turn, is a direct cause of the fibers inability to readsorb moisture. 
This is one of the irreversible properties discussed before and goes 
along with the theory that pennanent loss in absorbtivity apparently 
increases with increased drying temperature. It is this inability to 
readsorb water which causes the sheet to become more dimensionally 
stable. 
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Although dimensional stability is a important factor in the actual 
runnability of a sheet, the sheet must have certain physical strength 
characteristics to allow the sheet to run as effortless as possible 
through the press. If the sheet is weak many problems arise which result 
in waste and higher production cost and time. By examination of the 
mullen tests in Table XI along with stretch tests in Table XII and 
tensile tests in Table XIII, the effects of drying on these conditions 
in these properties, caused the total decrease noticed. 
Comparing the dimensional stability results to physical 
strength properties an inverse relationship is noted. Although the 
dimensional stability is a decrease could not be tolerated under most 
conditions. If the same study was carried out with fiber orientation 
controlled to produce initially high physical characteristics, the 
loss caused through overdrying would probably yield a value practical 
and acceptable for production of paper by the controlled overdrying 
method. 
Even though the physical strength loss does correlate with the 
theory stated in the literature, it would be an adverse affect only 
if strength dropped below acceptable industry standards. 
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Control = 
30 Sec. L = 
l Min. L = 
l 1/2 Min. L = 
2 Min. L = 
2 1/2 Min. L = 
3 Min. L = 
3 l /2 Min. L = 
4 Min. L = 
4 l /2 Min. L = 
5 Min. L = 
EXP��SIVITY TESTS 
TABLE I 
At 5m6 Rel. Hurni dity (approx) 
.6379 in. 30 Sec. H
. 5463 in . l Min. H
.4441 in. l l /2 Min.
. 5811 in . 2 Min. H
.6289 in. 2 1/2 Min. 
. 7165 in . 3 Min. H
. 6980 in 3 1/2 Min. 
. 6000 in . 4 Min. H
.6963 in 4 1/2 Min. 
. 52 31 in . 5 Min. H
. 6388 in . 
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= . 7105 in . 
= . 5046 in . 
H = .7302 in. 
= .5399 in. 
H = .6351 in. 
= . 4869 in • 
H = .4828 in. 
= .5262 in. 
H = .5137 in. 
= .6529 in. 
Control = 
30 Sec. L = 
l Min. L = 
l 1 /2 Min. L = 
2 Min. L = 
2 1/2 Min. L = 
3 Min. L ;: 
3 1/2 Min. L = 
4 Min. L ;: 
4 1/2 Min. L ;: 
5 Min. L ;: 
EXPANSIVITY TESTS 
TABLE II 
At 20% Rel. Humidity (approx) 
. 6329 in . 30 Sec. H 
.5421 in. l Min. H
. 4403 in . l 1/2 Min.
. 5768 in . 2 Min. H
.6255 in. 2 1 /2 Min.
. 7011 in . 3 Min. H
. 6928 in . 3 l /2 Min.
.5949 in. 4 Min. H
.6911 in. 4 1/2 Min.
.5153 in. 5 Min. H
. 6340 in . 
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= . 7006 in . 
= . 4963 in . 
H = . 7255 in . 
= .5361 in. 
H = .6310 in. 
= .4815 in. 
H ;: .4465 in. 
;: .5021 in. 
H ;: . 5101 in . 
= . 6475 in . 
Control = 
30 Sec. L = 
l Min. L = 
l l /2 Min. L = 
2 Min. L = 
2 l /2 Min. L = 
3 Min. L = 
3 l /2 Min. L = 
4 Min. L = 
4 l /2 Min. L = 
5 Min. L = 
EXPANSIVITY TESTS 
TABLE II I 
At 80 Rel. Humidity (approx) 
.6558 in. 30 Sec. H 
. 5633 in . l Min. H
.4666 in. l l /2 Min.
.6002 in. 2 Min. H
.6473 in. 2 l /2 Min.
.7352 in. 3 Min. H
. 7191 in. 3 l /2 Min .
.6200 in. 4 Min. H
. 7159 in. 4 l /2 Min.
.6141 in. 5 Min. H
. 6584 in 
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= .7326 in . 
= .5520 in. 
H = . 7520 in . 
= .5585 in. 
H = .6539 in. 
= .5091 in. 
H = .7895 in. 
= • 5461 in .
H = .5351 in. 




At 80% - 20% Contraction Cycles 
Control = .6359 in. 30 Sec. H = .7129 in. 
30 Sec. = . 5431 in. l Min. H = .5198 in . 
l Min. L = .4460 in. 1 1 /2 Min. H = .7345 in. 
l 1 /] Min. L = .5810 in. 2 Min. H = .5421 in. 
2 Min. L = .. 6278 in. 2 1 /2 Min. H = .6378 in . 
2 l /2 Min. L = .7169 in. 3 Min. H = .4905 in. 
3 Min. L = .6988 in. 3 1 /2 Min. H = .4661 in. 
3 1/2 Min. L = .6011 in. 4 Min. H = .5295 in. 
4 Min. L = .6973 in. 4 1 /2 Min. H = • 5180 in .
4 1 /2 Min. L = .5901 in. 5 Min. H = .6569 in. 




l l /2 Min.
2 Min. 
2 1/2 Min. 
3 Min. 
3 1/2 Min. 
4 Min. 




Contraction 50%-20% R.H. 
Low Temperature 
. 0050 in . 
.0042 in. 
.0038 in. 
. 0043 in . 
.0034 in. 
. 0154 in. 
.0052 in. 
. 0051 in . 
.0025 in. 








.0041 in . 
. 0054 in . 
.0063 in. 
.0241 in. 







2 1/2 Min. 
3 Min. 
3 1/2 Min. 
4 Min. 









. 0234 in. 
. 0218 in. 
.0341 in. 
. 0263 in . 
. 0251 in. 
.0248 in. 





.0557 in . 
.0265 in . 
.0224 in. 
.0229 in. 
. 0276 in . 
.3430 in . 








2 l/2 Min. 
3 Min. 
3 1/2 Min. 
4 Min. 
4 1/2 Min. 
5 Min. 
TABLE VI I 
C-VALUES
Contraction 80%-20% R.H. 
Low Temperature 
. 0199 in . 
.0202 in. 
. 0206 in. 
.0192 in. 
. 0195 in. 
.0183 in. 
.0203 in. 
. 0189 in. 






.0322 in . 
. 0175 in . 
.0164 in . 
. 0161 in. 
. 0186 in . 





Formula For Hygroexpansivity 
where: 
X = 15C/(H1-H2)
X = % change in length of the specimen corresponding 
to change from higher R.H. to lower R.H. 
C = the observed change in length of the specimen in 
going from H1 to H2
.
H1 = the observed higher relative humidity. 
H2 = the observed lower relative humidity. 
Cycle used in testing procedure was: 
50% R.H. 22.5% R.H. using Saturated Potassium Acetate Solution 
22.5% 82.5% R.H. using Saturated NH4Cl Solution
82.5% 22.5% R.H. using Saturated Potassium Acetate Solution 
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TABLE VIII 
X VALUES (HYDROEXPANSITIVITY) 
Contraction 50%-20% R.H. 
Low T emee ra tu re High Temeerature 
Control .·0025 in. 
30 Sec. .0021 in. .0049 in. 
l Min. . 0019 in .0041 in. 
l l/2 Min. .0022 in. .0023 in. 
2 Min. .0017 in. .0019 in. 
2 1/2 Min. . 0077 in. .0020 in • 
3 Min. . 0026 in . .0027 in. 
3 l/2 Min. .0025 in. ,0031 in. 
4 Min. .0013 in. .0120 in. 
4 l /2 Min. .0039 in. .0018 in. 






2 1/2 Min. 
3 Min. 
3 1/2 Min. 
4 Min. 
4 1/2 Min. 
5 Min. 
TABLE IX 
X VALUES (HYDR0EXPANSITIVITY) 
Expansion 20%-80% R.H. 
Low Temperature 
.0057 in . 
. 0053 in. 
.0065 in. 
. 0058 in. 
. 0054 in. 
.0085 in. 
. 0065 in. 
. 0062 in . 
. 0062 in. 
. 0247 in . 




. 0139 in . 
.0066 in . 
.0056 in. 
.0057 in . 
.0069 in. 
.0857 in . 








2 1/2 Min. 
3 Min. 
3 1/2 Min. 
4 Min. 
4 1/2 Min. 
5 Min. 
TABLE X 
X VALUES (HYDR0EXPANSITIVITY) 




. 0051 in. 
.0048 in. 
. 0048 in. 
.0045 in. 
. 0050 in. 
. 0047 in. 
.0046 ; n. 





.0080 in . 
.0043 in . 
.0041 in. 
.0040 in. 
.0046 in . 
.0808 in . 
.0041 ; n. 







2 1/2 Min. 
3 Min. 
3 l/2 Min. 
4 Min. 

































2 1/2 Min. 
3 Min. 
3 l/2 Min. 
4 Min. 


































2 l /2 Min. 
3 Min. 
3 1/2 Min. 
4 Min. 
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Although overdrying actually creates a more dimensionally stable 
sheet, the complications that would arise through physical strength 
loss, renders overdrying of the sheet on economically unfeasible 
practice in relation to printing. 
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From the practical standpoint there has to be a compromise be­
tween the physical properties needed to run the sheet and the dimen­
sional stability. Overdrying seems to throw this balance to the 
negative side, yielding a good stable sheet but one that will not run 
economically. The ultimate combination would be a sheet that would 
only change slightly in dimension and with no loss in physical strength. 
This way the problems that would arise, such as register, could be 
compensated for relatively easy by press adjustment. 
From the above information, it seems that drying conditions to 
which the sheet is subjected holds the key to many of the problems 
encountered in production today. Theoretically, there is a certain 
and exact temperature at which.a sheet of paper should be dried to 
attain the optimum properties. It is understood that it may be rather 
hard to find just what this temperature should be for the drying con­
ditions adverse effects will result. 
RECOMMENDATIONS 
Since this study was carried out using contact type drying 
techniques it would be interesting to study the effects of infrared 
on micro wave type drying techniques to see if the same results 
would prevail. 
Another area that could be explored is the fiber orientation. 
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By determining the actual effect of fiber orientation on shrinkage, a 
correlation could be made to dimensional stability along with physical 
strength. By drying a small portion of fibers and then examining the 
sheet under a microscope, orientation could be established. To get 
varying orientation profiles, machine variables such as headbox con­
sistency, vacuum at flat boxes or shake could be altered to give 
different fonnation. 
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APPENDIX I 
A. The Neenah Multiple Specimen Paper Expansimeter tests was run
according to the following procedure:
CALIBRATION
l. Make sure the glass chamber is air tight.
2. When running this test, make sure the temperature
(in the humidity room) is controlled within close limits.
TEST PROCEDURE 
l. The samples should be cut one inch wide and to the
longest test length consistent with the size of the
test sample and the expansimeter. This instrument
is adaptable to specimen lengths of l 1/2, 8 and 5 1/2
inches (which correspond to the test lengths of 10, 7 1/2
and 5 inches).
2. To insert sample:
a. Mark offtest length on sample with a pencil.
b. Dip the cross-arm of the T-hook into a molten
beeswax-rosin mixture. Then place it on one of
the penciled lines on the specimen. Make sure
that the hook is centrally alighned with the
specimen.
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c. Place other end of specimen inclamp, again on the
penciled line. The operations in A, Band C are
done outside of the expansimeter. After these
three steps are finished. Set the T-hook-sample­
clamp into the position (lift by means of the
clamp).
d. Connect the leveling vials (at bottom) to the
T-hooks.
e. After all specimens are mounted, each connecting
hook and clamp should be gently tapped to insure
that it is properly seated.
f. Close upper cabinet.
3. At present, there is no accepted standard humidity cycle
being used in the industry. Until the standard is re­
vised, this department suggests the following humidity 
cycle: 
a. 50% (R.H.) 
b. 20% (R.H.) 
20% (R.H.) 
90% (R.H.) 
c. 90% (R.H.) 20% (R.H.) 
These relative humidities are obtained by the proper choice 
of a saturated salt solution. On the reverse side is a table 
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of these salt solutions and their respective relative humidities. 
After the appropriate salt solutions are made, and 
the strips have come to equilibrium at 50% R.H., level 
the vials via the micrometer and record the readings. 
Then place the first solution in the conditioning tray 
to such a depth that the clearance between the solution 
and the baffles is about 3/16 inch. The baffled unit is 
placed in the tray containing the salt solution and this 
assembly is placed on the upper shelf of the cabinet. 
The outlet tubes of the baffled unit are connected to 
the two 11accordi oned 11 hose connectors. It is suggested 
that the tray be sealed by tape. 
4. Turn the air pump on.
5. The specimens are conditioned at this relative humidity
for a period of not less than 2 hours, or for a period of
time sufficient to ensure that the specimens will undergo
a change in a moisture content when exposed to the next
relative humidity. During this time, follow directions
in steps 7, 8, 9, and 10.
6. Stop the air pump and change salt solutions in the same
manner as before. Start the air pump immediately after
the change. Remember to thoroughly wash the tray before
substitution of the new salt solution. Also, bottle and
label the used salt solutions and place in stock room.
-44-
•
7. The vials supported by the test specimens are immediately
leveled by adjusting the corresponding mcirometers. Re-
cord the micrometer readings.
8. This operation is repeated at such time periods that the
interval between any two adjustments is approximately
twice the interval between the previous two. Thus,
readings may be taken at 1,2,4,8, etc., hours or until
the changes in micrometer readings are adequately small.
9. When the specimens have attained equilibrium, record the
micrometer readings to the nearest 0.0001 inch.
10. Record the relative humidity to the nearest 0.5% (from
attached humidity temperature recorder).
11. Repeat steps 7, 8, 9, and 10 until your complete humidity
cycle is finished.
12. Detennine the change in length of the specimens for each
cycle corresponding to the observed relative humidities
(50% to 20% - contraction, 20% to 90% - expansion,
90% to 20% - contraction). Then calculate the percentage
change in length for the standardized changes in relative
humidity and report this value as hygroexpansivity.
PRECAUTION 
For a humidity sequence wherein the specimens are being exposed 
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to successively higher relative humidities, adjust the micrometers 
for the anticipated increase in length at t�e time the salt­
trays are changed so that there will be no danger of dis­
engaging the T-hooks from the vials when the specimens increase 
in length. 














Calcium Chloride (Solid), less than 
LiCL 















% at 73° F 
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Formulations for several salt solutions: 
Sodium Nitrite: 
1. 1400 ml. distilled water
2. 1340 grams sodium nitrite.
3. Approximately 100 grams more sodium nitrite to
insure saturation.
Potassium Carbonate: 
1. 1400 ml distilled
2. 1700 grams potassium carbonate
Potassium Chromate: 
1. 1400 ml distilled water
2. 882 grams potassium chromate
3. Approximately 100 grams more potassium chromate.
The saturated solution should be prepared from C.P. grades of the 
salt. It is important to always have some crystals of the salt 
in the solution. The actual relative humidities in the expansi­
meter cannot be assumed to be those given in the table above. 
The relative humidities of those salts used must be checked and 
recorded. 
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